Polyakovite-(Ce), ideally REE 4 Mg Cr , c{001}, t{201}, {201}, m{110}, o{111}, n{111}, p{112}, {112} and x{302}. It is translucent in thin fragments, black with a brown streak, has a vitreous luster, and does not fluoresce under ultraviolet light. Polyakovite-(Ce) has a Mohs hardness of 5½-6, is brittle with a conchoidal fracture, and has no cleavage or parting. The measured density is 4.75 (7) , who contributed greatly to our knowledge of the mineralogy of the Urals.
. In reflected light, polyakovite-(Ce) is gray, non-pleochroic, isotropic, n in the range 1.931-1.935. The strongest five reflections in the X-ray powder-diffraction pattern of annealed material [d in Å(I) Polyakov (1950 Polyakov ( -1993 , who contributed greatly to our knowledge of the mineralogy of the Urals.
The crystal structure of polyakovite-(Ce) (annealed single crystal) has been solved by direct methods and refined by leastsquares to an R value of 4.6% using 1074 unique observed (|F o | > 4F) reflections collected with a single-crystal diffractometer fitted with a CCD detector and MoK␣ X-radiation. Polyakovite-(Ce) is a sorosilicate of Cr 3+ , Ti 4+ , Fe 2+ and REE
3+
, and the first titanosilicate where Cr 3+ is a species-forming element. In the crystal structure of polyakovite-(Ce) 
INTRODUCTION
In 1976, a (Cr,Mg)-dominant analogue of chevkinite was found by V.F. Zhdanov in a dolomite veinlet crosscutting phlogopite-olivine rock in mine N97 (Ilmen Natural Reserve, Southern Urals, Russia), and described by Zhdanov et al. (1986) . However, this material was not approved as a new mineral species at that time. We have re-investigated this material and present the results here. The new mineral and mineral name have been approved by the International Mineralogical Association, Commission on New Minerals and Mineral Names. Polyakovite-(Ce) is named after Vladislav Olegovich Polyakov (1950 Polyakov ( -1993 . Born in the city of Kirsanov in the Tambov district, central Russia, he worked at the Institute of Mineralogy, Ilmen Natural Reserve, contributed greatly to the mineralogy of the Urals, and initiated study of this mineral.
Cotype samples of polyakovite-(Ce) are deposited at the Museum of the Ilmen Natural Reserve (Miass, Chelyabinsk District, Russia) and the Fersman Mineralogical Museum (Moscow, Russia). Polyakov (1950 Polyakov ( -1993 , qui a grandement contribué aux connaissances de la minéralogie des Ourales.
La structure cristalline de la polyakovite-(Ce), telle que déterminée sur un cristal unique reconstitué, a été résolue par méthodes directes et affinée par moindres carrés jusqu'à un résidu R 
(Traduit par la Rédaction)
Mots-clés: polyakovite-(Ce), nouvelle espèce minérale, titanosilicate, structure cristalline, spectroscopie de Mössbauer, montagnes Ilmen, Ourales, Russie.
OCCURRENCE AND ASSOCIATED MINERALS Polyakovite-(Ce) was found in a carbonatite vein in mine N97, Ilmen Natural Reserve (55°01' N, 60°11' E), in the southern Urals, Russia. The mine is located at the eastern edge of a North-Ilmen swamp at the contact between fenites and metasomatized ultramafic rocks. The latter consist of phlogopite-fluororichterite and phlogopite-olivine rocks exposed in a lenticular body that is concordant with the host amphibolites and fenites. The metasomatized ultramafic rocks are cut by a series of east-west fluororichterite -chondrodite -phlogopite -dolomite, forsterite -phlogopite -chondrodite -dolomite, and phlogopite -fluororichterite -dolomitecalcite veinlets containing accessory monazite-(Ce), fergusonite-(Y), aeschynite-(Ce), chromian spinel, chromian davidite-(Ce), calcite, dolomite, fluororichterite, phlogopite, forsterite, clinohumite and polyakovite-(Ce). A detailed geological description of the mine and a full description of the corresponding mineral associations can be found in Polyakov & Bazhenova (1989) .
Polyakovite-(Ce) occurs as anhedral equant grains (usually 0.5-0.7 cm, but up to 2.5 cm in diameter) and as euhedral crystals elongate along [010] (up to 2 mm long), closely associated with dolomite and fluororichterite. Polyakovite-(Ce) grains may contain inclusions of fluororichterite, chromite and thorianite. Polyakovite-(Ce) is xenomorphic relative to fluororichterite and forsterite, but has common surfaces of simultaneous growth with dolomite. Rarely, polyakovite-(Ce) occurs in a carbonate-free phlogopitefluororichterite rock (Zhdanov et al. 1986 ).
PHYSICAL AND OPTICAL PROPERTIES
Polyakovite-(Ce) is black with a brown streak, translucent in thin fragments, has a light brown streak, a vitreous luster, and does not fluoresce under ultraviolet light. Polyakovite-(Ce) has a Mohs hardness of 5½-6, and micro-indentation tests gave a mean of 874 kg/mm 2 with a range of 775-987 kg/mm 2 (VNH 200 , PMT-3 device, NaCl calibrated). It is brittle with a conchoidal fracture and has no cleavage or parting. The measured density is 4.75(7) g/cm 3 (microflotation), and the calculated density of the annealed material is 5.05 g/cm 3 ; this difference is due to the fact that we cannot obtain a cell volume on polyakovite-(Ce) as it does not give a diffraction pattern. Polyakovite-(Ce) is highly metamict. In reflected light, polyakovite-(Ce) is gray, non-pleochroic, isotropic, 1.931 < n < 1.935; reflectance values are low (Table 1) , and brown internal reflections are rarely observed.
Some grains of polyakovite-(Ce) have a fragmented appearance. An ideal monoclinic crystal (Fig. 1) has the main forms: a{100}, c{001}, t{201}, {201}, m{110}, o{111}, n{111}, p{112}, {112}, x{302}; these forms are practically identical to those of chevkinite. From goniometry, the axial ratios for polyakovite-(Ce) are: a:b:c = 2.320:1:1.922, ␤ meas ≈ 100°. On annealing, polyakovite-(Ce) becomes crystalline. The DTA curve of polyakovite-(Ce) shows a relaxation exothermic effect at 830°C (Fig. 2) . The IR spectrum of polyakovite-(Ce) (UR-20 spectrometer) is practically identical to spectra of chevkinite-group minerals, with three intense absorption bands at 473, 970 and 1115 cm -1 . Zhdanov et al. 1986) ; the b axis is horizontal, and the c axis is vertical, both in the plane of the figure.
FIG. 1. Perspective view of an ideal crystal of polyakovite-(Ce) (taken from

FIG. 2. Thermal analytical data for polyakovite-(Ce).
A Gladstone-Dale calculation gave a compatibility index of 0.042, good (on the basis of the measured density) and 0.099, poor (on the basis of the calculated density). A poor compatibility index is common for minerals in the metamict state.
CHEMICAL ANALYSIS
The chemical composition of polyakovite-(Ce) was determined by a combination of wet chemistry and electron-microprobe analysis ( 
MÖSSBAUER SPECTROSCOPY
Experimental
Two samples of polyakovite-(Ce) (pre-annealed and annealed) were gently ground in an agate mortar with acetone. The resulting powders were evenly distributed over a circular area on cellophane foil using watersoluble glue. Sample weights and diameter of the circular area were determined on the basis of the chemical composition such that (1) sample was used, and (2) the sample diameter was maximized for the amount of sample available. The effective sample thickness was 2 mg Fe/cm 2 , which is close to the ideal thickness of samples for these compositions (Long et al. 1983) . Samples were run at room temperature (293 K) on a conventional transmission Mössbauer spectrometer. Both the pre-annealed and annealed samples show two components corresponding to Fe 2+ and Fe 3+ (Fig. 3) . The lines in the spectrum of the pre-annealed sample are relatively broad and were fit best with Voigt lineshapes, whereas the lines of the annealed sample are significantly narrower and gave the best fit with Lorentzian lineshapes. Component areas and widths of the doublets were constrained to be equal. The final parameters are given in Table 3 .
RESULTS
The broad absorption lines in the pre-annealed sample (Fig. 3) indicate a wide range of environments for Fe 2+ and Fe 3+ . It is not possible to assign them to specific crystallographic sites. In contrast, the absorption lines in the annealed sample are significantly narrower. In particular, Fe 2+ has a linewidth close to the natural value, indicating that there is little variation in the electronic environment. One can unambiguously assign all Fe 2+ in this sample to an octahedrally coordinated site, although it is not possible to identify which site. The center-shift value for Fe 3+ lies within the range expected for octahedral coordination, so it is likely that octahedrally coordinated Fe 3+ predominates. However, owing to the somewhat broad linewidth, it is impossible to rule out the possibility of a small amount of tetrahedrally coordinated Fe 3+ , although there is no evidence for it on statistical grounds. An Fe 3+ /⌺Fe ratio of 46(8)% for the pre-annealed sample and 86(3)% for the annealed sample were determined unambiguously from the spectra, and indicate that the annealed sample is more oxidized than the pre-annealed sample.
X-RAY POWDER DIFFRACTION
The highly metamict natural polyakovite-(Ce) crystals did not give an X-ray-diffraction pattern. Polyakovite-(Ce) was annealed for 3 h up to 1000°C in a helium atmosphere. X-ray powder-diffraction patterns for polyakovite-(Ce) annealed in a helium atmosphere, and central parts of large grains (more than 8 mm in diameter) annealed in air, are identical (Table 4) . 
SINGLE-CRYSTAL X-RAY DIFFRACTION
Collection of X-ray data and crystal-structure refinement
A single crystal for structure study was selected from the inner part of a sample annealed in air. Single-crystal X-ray data for polyakovite-(Ce) were collected with a Siemens P4 diffractometer fitted with a CCD detector, using MoK␣ radiation and an irregular crystal measuring 0.025 ϫ 0.10 ϫ 0.10 mm. Integrated intensities of 6742 reflections with 18 ≤ h ≤ 18, 7 ≤ k ≤ 7, 15 ≤ l ≤ 15 were collected up to 2 = 60.12° using 30 s per frame. The refined cell-parameters (Table 5) were obtained from 3918 reflections (I > 10 I). An empirical absorption correction (SADABS, Sheldrick 1998) was applied.
STRUCTURE SOLUTION AND REFINEMENT
The crystal structure of polyakovite-(Ce) was solved by direct methods; the SHELXTL 5.1 program was used for solution and refinement of the structure. Scattering factors for neutral atoms were taken from the International Tables for X-ray Crystallography (Ibers & Hamilton 1974) . Details of the X-ray data collection and structure refinement are given in Table 5 . The crystal structure of polyakovite-(Ce) was refined to an R index of 4.6% and a Gof of 1.233 for a total of 115 refined parameters. In spite of annealing the single crystal of polyakovite-(Ce), its metamict origin reveals itself in additional weak maxima in the difference-Fourier map calculated in the final stages of refinement. Two such maxima of about 4.5 e were identified in polyakovite-(Ce) and were included in the final refinement. These sites are characterized by short distances to O(7) and O(8): 0.912 and 1.390 Å, respectively. Final atom parameters for polyakovite-(Ce) are given in Table 6 , selected interatomic distances are presented in Table 7 , refined octahedral site-scattering values are given in Table 8 , and a bond-valence analysis is shown in Table 9 . A table of structure factors may be obtained from The Depository of Unpublished Data, National Research Council, Ottawa, Ontario K1A 0S1, Canada.
DESCRIPTION OF THE STRUCTURE
Coordination of the cations
In the crystal structure of polyakovite-(Ce), there are two unique Si sites, each occupied by Si and surrounded by four O-atoms in a tetrahedral arrangement, with <Si(1)-O> = 1.608 Å and <Si (2) (Table 8) confirms the assigned site-populations. The Fe 3+ /⌺Fe ratio of 78% derived from the SREF is lower than 86% determined by Mössbauer spectroscopy. However, the single crystal used for structure determination was taken from the inner part of an annealed sample and could well be less oxidized in view of the short duration of annealing. A similar composition of the M(3) and M (4) 
Structure topology
The main building unit of the polyakovite-(Ce) structure is a layer of octahedra parallel to (001) (Fig. 4) . The layer consists of two unique rutile-like chains of octahedra; the first chain is formed by M(2) octahedra, and the second chain is formed by M(3) and M(4) octahedra. In a chain, each octahedron shares two trans edges with adjacent octahedra. Chains of two types regularly alternate within the layer, and are connected through common vertices (Fig. 4) . Intercalated between these layers are heteropolyhedral chains of [Si 2 O 7 ] groups and M(1) octahedra (Fig. 5a) (Fig. 5a ).
Related compounds
Polyakovite-(Ce) is the second structurally investigated specimen of a group of highly metamict minerals comprising perrierite itself, chevkinite-(Ce) and strontiochevkinite. In a broad sense, polyakovite-(Ce) and perrierite (Ce,La,Ca) 4 (Fe 2+ ,Ca) (Ti,Al,Fe 3+ ) 2 Ti 2 Si 4 O 22 (Bonatti & Gottardi 1950 , Gottardi 1960 , Calvo & Faggiani 1974 are structural dimorphs, neglecting the compositional difference at the M sites. The main difference between the two structure types is due to the linkage of M(2) octahedra and [Si 2 O 7 ] groups (cf. Figs. 5, 6) . After determination of the crystal structure of perrierite (Gottardi 1960) , Peng & Bun (1964) proposed a model of the crystal structure of chevkinite (REE 3.47 (Calvo & Faggiani 1974) . This lower symmetry produces six unique M sites, in contrast to four M sites in polyakovite-(Ce) and three M sites in perrierite (Gottardi 1960) . In general, 
